Abstract The design process of urban stormwater systems incorporating BMPs involves more complexity unlike the design of classic drainage systems for which just the technique of pipes is likely to be used. This paper presents a simple decision aid methodology and an associated software (AvDren) concerning urban stormwater systems, devoted to the evaluation and the comparison of drainage scenarios using BMPs according to different technical, sanitary, social environmental and economical aspects. This kind of tool is particularly interesting so as to help the decision makers to select the appropriate alternative and to plan the investments especially for developing countries, with important sanitary problems and severe budget restrictions.
Introduction
Intense urbanization is a current worldwide phenomenon, leading to significant environmental impacts in urban areas. Impact concerns pollution of receiving bodies and alterations in the hydrological cycle mainly due to the urban drainage pipe systems that operate in critical conditions, with frequent crises. To lessen those effects of urbanization, Best Management Practices (BMPs) are being developed. They are based on storage and infiltration of stormwater in structures like trenches, swales, retention/infiltration basins, roof storage, porous pavements, etc.
The design process of urban stormwater systems incorporating BMPs involves two different phases, unlike the design of classic drainage systems for which just the technique of pipes is likely to be used. The first phase corresponds to an elimination of techniques which are not feasible for physical, hydrological, geotechnical, structural and environmental reasons. The second phase concerns the evaluation of scenarios of possible arrangements of different drainage solutions. Considering criteria and decision maker preferences, satisfactory scenarios can be ranked in order to help the decision makers to select the appropriate alternative and to plan investments.
Computational tools for decision aiding seem to assume a significant role in the elimination and the evaluation phases. Software like Deltanoe (Barraud et al., 1999) and TecAlt (Baptista and Fernandes, 2002) , focused on the elimination stage can be mentioned here. For the evaluation phase, general multicriteria methods such as Electre III and Compromise Programming for example (Roy, 1996; Bruen et al., 2000) were adopted by different authors. The analysis of that kind of methods shows that development of specific tools is preferable.
In developing countries, with important sanitary problems and severe budget restrictions, the computational tools can have a significant role, helping the decision-maker who doesn't frequently dispose of well prepared technical teams and a large amount of data.
The aim of this paper is to present a decision aiding methodology and an associated software concerning urban stormwater systems, devoted to the evaluation phase. The methodology is based on technical, environmental, sanitary, social and economical aspects. It makes comparison of alternatives possible and help in the choice of an appropriate alternative for the decision-maker.
Development of the methodology
The methodology is based on the definition of a global performance index and a cost indicator.
The performance indicator
The performance indicator used in this work is founded on the methodology described in Castro (2002) . Its construction involved three major criteria:
"design objectives" corresponding to the suitability of a drainage system to meet initial design requirements in terms of flow control and protection against flooding; "impacts" of drainage systems on downstream flow conditions, on water quality, on aquifer recharge, and on human health; "integration" in terms of ecological aspects, landscape and social acceptance. Each major criterion was described by one or several sub-criteria. Each sub-criterion was evaluated by a partial indicator. Then, all partial indicators were aggregated.
The definition of the indicators was preferentially based on mathematical expressions. However, for some indicators, it was necessary to use a subjective evaluation founded on experience and knowledge of the decision team. Anyway, for all of them, the same numeric base was applied. A weight for each partial indicator was defined as the relative importance of a particular aspect compared to the others in a given decision context. Reference values of weights were defined by tendency of interviews with representatives of technical municipal services (TMS), designers of urban stormwater systems (DSS), environmental regulatory bodies (ERB) and researchers (RSC). The weights of the different indicators given by the decision makers are presented on Table 1 , as well as the adopted value, which try to indicate a central tendency of these values. ObjectivesAptitude for a drainage system to meet the initial design requirements The results in Table 1 present large differences in the indicator's weights, as expected. The reason of these differences is that it includes groups of actors who analyse the situations according to various aspects of interest.
The global performance indicator for each alternative, called Ip, is calculated by Equation 1 and is all the better that the value is higher:
where: Ip: global performance indicator; I i : the performance indicator for the scenario i; w i : the weight of the indicator i; n:
number of performance indicators; m: number of scenarios.
As it can be seen, the indicator Ip is sensitive to the weights and in the present method it is possible to account for the variation range of the weights. The analysis can be made in agreement with a defined point of view (e.g. technical municipal services) or using the final adopted values. The difference between weights given by the user of a particular design study and the weights attributed by the different specialists (see Table 1 ) can be estimated and integrated in the model, representing a kind of uncertainty on Ip evaluation.
The cost indicator
In a similar way, a cost indicator has been built, including the Net Present Value (NPV) of construction, operation and maintenance costs of the system during 30 years, which is currently adopted as the average lifetime of a classic drainage channel and pipe system.
Depending of an estimated lifetime of each technique along this 30 year period, some reconstruction will occur more than once. This is the case of BMPs, which usually present a shorter average life, as it can be seen in Table 2 , obtained from the literature (CERTU, 1998; US-DT, 2003; WSDE, 2001; MWCG, 1992) and from Brazilians technical municipal services and designers of urban stormwater systems.
Operation and maintenance costs were obtained from literature too (DayWater, 2003; Baptista and Barraud, 2001; CERTU, 1998; MWCG, 1992) and from Brazilians technical municipal services databases (e.g. SUDECAP, 2003) . Uncertainties associated to the estimated costs and the lifetime must be incorporated in the analysis. Uncertainties related to the cost evaluation of each technique, or drainage system to be studied, should be given by the user according to the quality of available data.
The cost indicator Ic can be calculated by Equation 2, the cost indicator being all the better that the value is greater.
where: I c : cost indicator i; C : average updated global cost (NPV) of the different alternatives; C i : global cost (NPV) of the alternative.
Integration of the cost and the performance indicators
The integration of the cost and performance indicators is done graphically by plotting the indicators values in a "Pareto chart" allowing visualization of dominant and dominated alternatives. The uncertainties associated to both indicators, are also plotted in the chart, showing eventual indifference between alternatives (Figure 3) . The Pareto chart, created this way, makes the identification of interesting solutions, with a global point of view, including performance and cost aspects, and at last helping the decision-maker to choose good alternatives among those that are not dominated.
The AvDren software
The implementation of the analysis method is done with the development of the software AvDren. It has been built using the Microsoft Visual Basic 6.0 language in the Windows environment making it easy to use. The software was created to assist a wide range of problem levels according to data availability and user's interest. Thus, it is possible to make a comparative analysis of the partial indicators integrated in the performance indicator by using a performance graph. This can lead to identify and remove alternatives which present unacceptable level of functionality.
Then, with the use of a global chart, viable alternatives can be analyzed and compared according to the global performance and the cost aspect that demands more detailed information. AvDren offers the possibility to calculate the cost indicator based on data supplied by the user or using unitary costs information integrated into a data base. It is also possible for the user to introduce the Internal Rate of Return and uncertainties.
Case studies
For an evaluation of the methodology and the proposed computational tool, three applications were made in real case studies.
Case 1 -Technopolis
Because of the diversity, with a wide range of solutions, an industrial and services area, named Technopolis, located in south-western France was chosen. The total drainage surface is nearly 23 ha, with about 6 ha occupied by buildings and others 6 ha corresponding to streets and car parks (Baptista and Barraud, 2001) . Three drainage scenarios were evaluated and compared with AvDren: Scenario I -classic pipe system, without any restriction in terms of maximum downstream flow; Scenario II -intermediate system, with the incorporation of a detention basin downstream a classic pipe system, in order to respect a fixed downstream flow limit; Scenario III -alternative system, with the use of porous pavements, ditches and a detention basin, respecting the fixed downstream flow limit. Each one of these scenarios was simulated for three return periods (10, 30 and 100 years) and with the help of the CANOE software. The hydrological, environmental and social characteristics, related to the three scenarios, were introduced in the AvDren software so as to calculate the Performance Indicator. Figure 1 shows the performance of each scenario according to each criterion. It is a representation of partial indicators used for the evaluation of the performance indicator Ip. The chart analysis allows to eliminate some alternatives, reducing the amount of work in terms of costs analysis. The quantities and construction costs concerning each scenario were directly obtained from a previous study (Baptista and Barraud, 2001 ). The maintenance costs were calculated by using the data base incorporated in the software AvDren.
In the context of this research, all the alternatives were completely studied. The global analysis results are presented in Table 3 and in Figure 2 .
Ip is the performance index calculated with partial performance indicators of the alternatives using Equation 1 and Ic is the cost index, calculated with the costs of the alternatives according to Equation 2, presented before.
The results obtained are clearly in favour of the scenarios including BMPs, with the possible choice of the scenario III-100 which is exactly the alternative realized.
Case 2 -Goiâ nia
The other case study is referred to a residential area in the centre of Brazil, in Goiânia, center region of Brazil. The total drainage surface is 17 ha, intensively occupied by buildings and streets, with frequent floods problems. To control that, three scenarios were studied (Milograna, 2001 ):
Scenario I: classic pipe system; Scenario II: two detention basins associated with the classic pipe system; Scenario III: micro-reservoirs associated with the classic pipe system. The hydrological, environmental and social characteristics were introduced in the AvDren software so as to calculate the Performance Indicator. Figure 3 shows the performance of each scenario according to each criterion. Once again, the chart analysis allows to eliminate some alternatives, reducing the amount of work in terms of costs analysis. The quantities, construction and maintenance costs concerning each scenario were directly obtained from a previous study (Moura, 2004) .
In the context of this research, all the alternatives were completely studied. The global analysis results are presented in Table 4 and in Figure 4 .
In this case study the micro-reservoirs associated with pipe system (alternative III) are better classified than the one with classic pipe system (alternative I) in terms of performance; but the alternative I has a better cost index. Alternative III has better performance and cost indexes than alternative II so that alternative II can be eliminated. In this case the decision between alternative I and III has to be made by the decision maker himself. However the methodology allows to "estimate" the trade-off between cost and performance.
Case 3 -Igarapé
The last case study is referred to a neighbourhood in Igarapé, close to Belo Horizonte, in the southeastern Brazil, with a total area of 72 ha. Two different alternatives were studied: Scenario I: classic pipe system; Scenario II: alternative system, with infiltration trenches. The hydrological, environmental and social characteristics were introduced in the AvDren software so as to calculate the Performance Indicator. Figure 5 shows the performance of each scenario according to each criterion. The quantities, construction and maintenance costs concerning each scenario were directly obtained from a previous study (Moura, 2004) . The global analysis results are presented in Table 5 and in Figure 6 . In this case study the alternative II is the most appropriate to be implanted, this scenario has the better cost and performance index.
Conclusions
This paper presents a simple tool for decision aid, incorporating performance and costs indicators concerning urban stormwater systems. The performance indicator is based in hydrological, sanitary, environmental and social criteria; the cost indicator takes construction, maintenance and operation costs into account. The integration of cost and performance allows a global vision of the viable alternatives for the urban stormwater system and of the associated uncertainties.
In spite of the great weight variability of the indicators associated to the several decisionmakers, the application of the presented methodology indicates that it has a relatively low sensibility, according to changes in the weights and the values of the indicators. The global results indicate the robustness of the methodology.
The simplicity of the methodological structure is all the more interesting that it does not demand knowledge of complex numerical decision aid methods. The flexibility for customization and use allows to deal with a wide range of different physical and technological situations. The validation of performance indicators and the software, made for the Brazilian conditions, offers the opportunity to use them in other tropical developing countries without substantial modifications.
At last, the software AvDren which supports the methodology is available and can be downloaded from www.ehr.ufmg.br.
